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Major  General  Andrew  T.  McNamara 
The  Qua’.'termaater  General 
Washinf'ton  25,  p.  C, 


Dear  General  KcHamaras 

The  Inclosed  report,  based  on  an  analysis  of  standard  reference 
literature,  delimits  the  wet-tropical  regions  of  the  world  and  describes 
the  outstanding  characteristics  of  their  environment.  It  distinguishes 
"core  areas"  which  most  authorities  agree  in  defining  as  wet-tropical, 
and  "transition  areas"  which  have  certain  features  of  the  wet  tropics 
or  have  wet-tropical  conditions  for  only  part  of  the  year.  It  was 
found  that  15  percent  of  the  total  land  area  of  the  tcrld  faHs  into 
these  categories. 

The  report  will  be  useful  to  Amy  planners  and  technologists 
because  it  provides  a  basis  for  determining  the  general  extent  and 
location  of  areas  where  items  for  tropical  issue  are  required.  Such 
information  furnishes  some  broad  guidance  for  that  portion  of  the 
research  and  development  program  aimed  at,  assuring  adequate  protection 
for  troops  in  areas  where  wnt-tropical  streseoe  prevail. 

Sincerely  yours. 


CT  G.  CALLOfiAl 
Brigadier  General,  ’’SA 
"ornmanding 


V*  y* 


•^\  ^'S.  ^*V  ■* 


headquarters  quartermaster  F^SEARCH  a  ENGINEERING  COMMAND,  US  ARMY 
Quorternroster  Reseorch  a  Engineering  Center 
Natck.  Mossochusetts 


D'NKONMENTAL  f-.’OTECTON  RESEARCH  DtVISiON 


%chncol  Report 


EP-63 


WET  TROPICS:  LMTS  A^®  CHARACTERISTICS 


Jock  V  CtMmbcn 


Gcogroplwr 


Paul  C  Oolrymple 

C«09fapl»«f 


Hoftfing  Jon«s 
Ceogroghcr 


«EOO«*t  CNVnONMEMTS  RESEARCH  WANCN 


Project  Reference 
7-83-0I-005A 


September  1957 


_ m _ '  .f 

> V-V.V-‘ 

■-•yv’-  -"v’- .  ■ 


,--.v 


'-yy'  .'■■'■'A' 


I*?  i'*’'  A  I-  ■  •  ■  u'- y.'."'" 


.'r-.-iO-:. 


. .  ^  *"!'  *"'? '* 

'  ■■  -**  •.*  ■•’’  '''  •-'t  ‘ 


- . '  V  ■'  I  ’  ■  1 .  •)  •  -  r,- *  r  A  «*• '  .I 

a.-am  y  ^  •■'y'V.y-v'A.vu'-j 

A  -y  A  A  .  .  ,;.uy-.vy4'y>3 

I  '  -r  i  n  k.'  ,**.  ‘  ^  •y*! 


■p\  - 


’yu-Ayy/y-y-, 


>Vn  A,\^\V\^y^\V>  VvAyAv\>:/ALS.\%Vy- v“L».\VyVAv-.\NVAL-r‘ 


Fcarewofd 


Although  amch  is  launm  about  tho  past  problms  of  military  aetlrity 
In  wet-tropical  eoTlronnients,  many  as  yet  tmerqjlored  factors  could  affect 
military  operations  within  the  tropica,  Ihe  debilitating  effect  of  wet- 
trcplcal  climate  upon  nan  and  the  destructlTO  effect  t^wn  equlpMnt  and 
supplies  la  considerable.  Without  preventive  neasurea,  metals  rust  over¬ 
night,  leather  ml-Ldows  rapldlyi  stored  clothing  and  tentage  rot  within  a 
few  weeks,  and  food  products  spoil  quickly  because  of  insect  Infestation 
and  meld..  Purthemore,  close  attention  must  be  given  to  maintaining  the 
operational  capabilities,  health,  and  morale  of  troops,  and  to  assuring 
that  siq^pUes  are  delivered  idiere  and  >dien  they  are  needed. 

Little  bas  been  done  to  classify  and  define  the  wet  tropics  aecordr- 
Ing  to  military  operations,  in  spite  of  the  awareness  of  their  mllitaiy 
ljiq>ortance,  This  preliminary  surrey  defines  the  wet  tropics  according  to 
general  envlronneatal  characteristics,  and  is  one  step  In  a  militarily  ac¬ 
ceptable  delineation  of  wet-tropical  limits. 


AIBTIU  mUSCHEL,  Fh.D, 
Chief 

Eovironmental  Protectioa 
Research  Edvlsion 
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ABSTRACT 


TTi4w  report  definaa  and  berlafly  describes  the  wet-treplcsl  areas  of 
the  iiorXd.  Thcj  Ue  between  25^  and  25®S  laUtndes,  and  cover  about 
15  percent  of  ths  world's  land  surface.  This  area  was  detenalned  by  us¬ 
ing  as  Indices  to  world  distribution  16  authoritative  maps  of  clleate, 
vegetation^  aid  soil.  "Core*  ariias  and  "transitional"' areas  were  dis- 
tingtdsbedj  the  core  areas  were  i  ^dled  In  more  detail,  since  transi¬ 
tional  areas  are  wet-tropical  for  only  part  of  the  jrear. 

The  wet  tropica  were  analysed  according  to  three  main  environment^ 
elenents:  climate,  vegetation,  and  nil.  Most  climates  between  the  25^ 
parallels  cf  latitude,  excluding  mountalne  and  deserts,'  'faty  froa 
hot-wet  to  wamv-humld.  IBrai^sltlonal  areas  have  a  lower  annual  ^aciount  of 
predpltatlcn,  and  become  seasonally  dry  at  greater  distances  troa  the 
core  area.  Vegetation  type  in  the  tropics  is  largely  a  function  of  ra^ 
fall,  vaiylng  frcn  tropical  rain  forest  in  wet  areas  to  deciduous  forest, 
savoma  woodland,  and  thorn  woodland  in  drier  areas.  Wet^troplcal  soils 
are  In  the  general  category  of  laterites,  but  are  conplox  and  vary  from 
place  to  place. 

The  uniformly  of  core  area  environment  is  interrupted  by  topograph- 
le  diversity,  of  idddi  interior  plains  are  ly  far  the  most  extensive  phys- 
Icgr^^lhle  type,  and  represent  the  fullest  devslopttent  of  wet-tropical 
asT^ 

i-epci-t  includes  7  photogr^hs  of  typical  tropical  vegetation  and 
20  'maps  ahovij^  the  world  distribution  of  elements  of  tropical  arriroo- 
■cat. 
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WKT  T«a>lCS3  tIKITS  Aid  CHARACTHlSnCS 


1.  Introdtictlon 

Th«  linita  of  th«  wot  titles  -nxy  gnatljr  accordii^  to  dlffomt 
defining  criteria.  Far  flxa^>lo,  areai  classified  aa  %Mt-tropical  in 
one  particular  Tsgetation  atudtjr  be  differently  classified  la  tens 
of  certain  clinatic  claesiflca'  .one.  Nevertheless^  muqt  sources  are  in 
substantial  agreesant  on  the  ;.resence  of  sisabl^  "core*  areas  in  tropical 
latitudes  where  noisture  and  tsKperature  are  constefttly  hl^u  In  these 
core  areas,  tropical  rain  forsst  vegetation  (fig.  1)  and  later! tic  soils 
predoednats. 


Fig.  1.  *Core"  area:  Tropical 
rain  forest,  Barro  Colorado 
Island,  Fanana  Canal  Zone, 


Tbs  general  ebaraeter  of  the 
wet  tropics  gradually  changes 
fren  the  core  areas  to  the  peri¬ 
pheral  ajrea;  s  dry  season  of 
varying  length  la  charactsristie 
of  such  of  this  transltlonsl 
ions.  The  inner  nargin  of  the 
tranaitiooal  wst-troplcal  sons 
has  a  short  dry  season  of  one 
or  two  Bontha  ihtration,  whereas 
the  outer  nargin  has  drought 
for  longer  periods.  Tropical 
forests  are  less  luxuriant  whan 
there  is  an  extended  drou^htw 
As  aridity  inersasss  outward 
fren  the  core  areas,  the  forest 
jrlclds  to  patches  of  scattered 
tnes  and  graaess  (Fig,  2),  and 
firally,  bejond  the  Units  of 
thf  transitional  arcs,  to  vast 
expanses  of  tropical  grasslands 
and  low  shrubs  (Fig.  3). 


a.  Kathod  of  DeUgitation 

In  this  study,  16  authoritativs  dellBitatlons  of  slsoents  of 
wet-troplce..  environwnts  were  used  for  conparison  and  analysis.  F'nn 
the  superirposltion  of  these  dellsitatlons,  a  composite  nap  (Fig,  A)  was 
drawn,  using  the  relevant  classificatims  of  these  authoriU.es.  >fet- 
troplcal  core  areas  were  denarfeed  where  the  elessents  coincided  on  lA  or 
mors  naps.  Broad  translUonal  tones  surrounding  the  core  areas  represent 
areas  of  partial  agreenent  where  froo  2  to  13  authorities  were  in  accord. 

The  major  problem  of  denarkaUon  occurred  at  the  outer  fringe  of  tbs  transi¬ 
tional  zone  where  environsiental  characteristics  varied  greatly  fna  those 
of  the  core  rones.  According  to  this  system  of  classification,  A  percent 
of  the  vorld's  land  area  is  within  tho  wet>tropieal  core  area  and  U  per¬ 
cent  is  transitional,  making  a  total  of  15  percent  that  is  Ket-trqid.csl 
to  some  extent. 


Fig,  i.  Inner  tarenaltlonal  ere**  tropica# 
iToiy  Coaatf  JSric* 
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b.  Location 

The  WBt-tropica  areas  encircle  the  earth  approxlmteljr 
latitudes  25'»N  and  25®S,  and  are  interrupted  onV  ^  oceans,  iwnnta^ 
desert  awas.  -fto 

areas  of  wet  tropics.  South  America  is  the  widest  continent  at  the  Equa¬ 
tor,  and  Africa  the  second  widest;  this  accounts  in  part  J®*-  ^ 
slri  wet-tropical  areas  in  tljese  two  contincnU.  Asian  a»4  AustrsliM 
on  the  other  hand,  ar. 

of  South  America  and  Africa,  and  are  neatly  on  tropical  Islands  lying 
between  continents, 

Tlie  chief  eleinenls  of  the  onrliwwnt,  ot^r  ^  »  "V 

clljaate,  Tegetation,  and  soils.  Their  characteristics  in  the  wet  tropics 
ars  summarized  in  the  following  sections, 

2,  Clinate 

a.  General  ChAracteristics 

7  le  equatorial  baroeetric  pressure  trou^  sdgratw  fron  5®S  in 
January  to  about  12®  to  15®N  in  July,  TWs  -igratlon  tte  »®-®^ 
"doldrums"  influences  the  fonnatlon  of  clouds,  rairf^,  ^  _ 

etorras.  The  "heat  equator"  nigrates  with  the  eq^toi^l  trough, 
avS««  annual  position  at  about  5®N,  Been  though  the 
erature  range  near  the  Equator  is  only  a  few  ^ 

one  degree  is  emch  aore  noticeable  than  it  Is  in  nldlatitudes. 

There  are  three  general  types  of 

acteristie  of  tropical  sUtioos:  oceanic,  equatorial,  and  subtropical. 
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thece  broad  gmeral  t«r|>«ratnre  regiiM*. 

llilrfvn  ,!»,  artncUM  closed?  »10i  «»  mrtt^  po-lUoo  of 

iQ.tern*tlng  ral^y  and  drj  Masons. 

TrafdMl  rain  falla  sostly  fpos  aBulns-type  clon^.  p»« 
l«r  ofdoj.  olth 
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sflAsons  of  th#  year,  and  between  3  «nd  ID  degrees,  north  or  eooth  of  the 
Equator,  there  are  two  raiiqr  eeaeons  yearly.  With  increasing  dletane*  tvm 
the  Equator,  the  rainfall  wuisa  follow  each  other  closely  and  finally 
aorge  into  one  Baxlm*  in  th*  tnuisitional  areas.  Although  winds  are  gen¬ 
erally  light,  tropical  showers  are  often  acco&panied  by  strong  gusts  that 
could  hinder  BiUtaTy  operations.  Trees  are  frequently  blown  over  ah  su^ 
storms,  and  may  beocfse  obstacles  to  Ih*  ■oreieent  of  Kotorised  equlpnent. 


e.  Mountains 


The  character  of  tropical  nountain  cUjutes  is  detendned  prlwiM. 
altitude.  Ria  dry-bulb  tenperatur*  of  the  free  atanspher*  within  tlH 
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Kopp«»n  aasiuaed  that  tha  critical  Ujnlta  in  tha  distribution  of 
▼arloua  typos  of  Tegetation  wars  clijaatlc,  and  attawptad  to  astabllsh 
amplrical  cliaatlc  Taluas  that  would  approxiaataly  dalialt  the  various 
vegetatlonal  aonaa*  KSppan  dafinad  cUawtie  typas  according  to  tcnpars- 
tura  and  prttclpitation,  and  uaad  tha  awan  laonthly  isothams  of  tha  uam- 
aat  and  tha  coldaat  Bonths  for  a  clioatle  boundary  batwaan  "tropical"  and 
ncn-tropical  araos.  Ha  astabliahad  tha  critical  temparature  for  tha  cold¬ 
est  Donth  for  tha  tropical  cUaita  as  64.4®?.  He  divided  tha  wet-tropical 
cUmata  of  tha  world  Into  two  general  typas:  tha  tropical  rain  forest  typo* 
constantly  wet,  with  at  least  2.4  inches  of  rain  in  the  driest  laonth;  and 
the  tropical  sav-jina  type,  seaccnally  dor,  with  ona  or  nora  aanths  receiv¬ 
ing  lass  than  2.4  inches  of  rain.  He  designated  an  exaggerated  savanna 
i7P*»  with  extreraely  heavy  oeasonal  rainfall  and  deciduous  forests,  as  tho 
Bonsoon  clinata.  The  seasonally  dry  typo  is  characterlssd  by  a  short  dry 
season  which  coincides  with  the  period  of  winter  or  low  sun.  Heavy  rains 
durlrig  moot  of  the  year  compensate  for  the  short  dry  spall  In  the  tropical 
monsoon  cUnatea.  KSppan  used  tha  values  ha  contlderad  significant  In  dis¬ 
tinguishing  tha  tropical  rain  forest  from  tropical  savanna  vegetation. 


flgura  t 

Hiorrithwaito’s  climatic  systeia  is  determined  by  comparing  pre¬ 
cipitation  and  potential  ovapotranepiratlon,  which,  in  turn,  is  derived 
from  ms?n  monthly  temperatures  (Pig.  8).  Precipitation  effectiveness, 
seasor.ai  concentration  of  rainfall,  and  thermal  efficiency  are  the  most 
significant  rlimatic  elements  in  TJiornthwaits’s  system,  and  the  relative 
import.ance  of  each  depends  upon  its  effect.  In  this  systea,  mean  month¬ 
ly  terrperatura  for  wet-tropical  climates  must  be  at  least  68®F;  mean 
monthly  precipitation  must  be  at  least  6.82  Inches.  Mean  monthly  precip¬ 
itation  for  humid  tropical  climates  must  bo  at  least  1,96  inches.  To 
maintain  wet-tropical  conditions,  at  least  4  inches  of  rainfall  per  month 
are  uacessaiy  when  mean  monthly  temperatures  are  86®?  and  above,  and  at 
least  3  Inches  of  rainfall  wlien  mean  monthly  temperatures  are  between  68® 
and  86°P. 
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Tw  othar  cllmtlc  Mp*  ara  Incladad  la  tM.a  rapert.  Jonaa  and 
yhlttlaafylj  (n^,  9)  baaad  a  cUaatle  sTstaa,  aadiflad  fro*  aatvral  pab- 
liahad  clasaiflcatlcaa,  oa  aaaaonal  taoparaiura  and  on  tha  ao^ti  aad  aaai 
onal  dlalributloo  of  rainfall,  finch  and  TratArtha'  (fig,  ID)  nada  a  mm 
wtiat  kudinad  and  ainpUflad  Taraioa  of  loppan'a  nap.  Bartholoaaw*  (fif. 
outUnad  a  cUaatie  aoaa  Uia|  la  daacribad  aa  •hot,  nltto  haaw  ralnf^ 
throQghots.  tha  Toar.*  Tha  Koppaa  ajid  Calgar*-*  ellaatle  oap  (fll.  12),  ra- 
▼load  hj  Z»is»r  in  1953.  aaploya  aora  rtcant  data,  auparaadla*  thalr  192i 


urdfoiTdly  in  apFWanw  and  structoire. 

canoRT  OTwhead  characterla#  the  forest,  and  voodj  clijsbing  jOants  and 
eplphgrtes  abotmd* 

Tbe  Tegetatloo  In  the  transitional  areas  has  an  opCT  vydlaad^ 
appearance,  except  idieaw  fanrorable  groundwater  condition  and  infreqaert 
nrea  cllow  forest  growGu  The  trees  of  the  deciduous 
ally  leaness  during  the  dry  season,  shorter  than  ot  the 

est,  and  fans  a  broken  canofy  with  thl^ 

nJiaUr  has  deciduous  trees  less  than  50  feet  high,  able  to  resist  w 

prt«longed  drought  of  the  diy  season}  It  is  poor 

rich  In  herbs  and  grasses.  Trees  and  bushes  grow  In  scatte^ 

in  strips  of  "gallery  forests"  bordering  xlTers.  Thom 

drought-resistant  than  saranna  woodland,  but  resembles  it  in  height  and 

foliage. 

h.  Interior  Plains 

In  troplcaL  interior  plalm,  tropicii  rain  forest  is  t^  pr^ 
alent  vegeUtlon  type.  Opti*m  cc^tions  for  its  ^eveloj^t  e^st^« 
the  clinate  is  unifonay  hot  and  wet,  and  the  soils  are  wet  hut  no- 
logged.  There  are  usually  three  si^jcrposed  strata  of 
ra^orest  conrsinitlea.  The  strata  are  likely  to  be 

seldoB  recognised  by  casual  obserration  because  of  tte  ^ 

and  the  vaiylrs  heights  of  the  trees.  Tne  t^s  of  the  hl^^le^  of 
the  canopy  usually  Taxy  ftw  90  to  120  feet  In  height} 
ccin«>nly  150  to  160  feet  high,  extend  above  ca^ 

Kuch  of  the  cLiyllght  is  tOoeked  out,  and  the  fcrest  floor  dark 
aUvely  free  of  nndergPowUi.  A  layer  of  fall«  toes  and 
tionl^curiulates  on  the  forest  floor.  Kany  of  these  toes  W  finned 
or  buttressed  trunks.  A  dense  thicket  of  shrubs  and  snail 
along  the  banks  of  stoasis  and  in  the  driest  areas  where  d^LW  P«»- 
trates  to  grjanJ.  EplphT^s,  lichens,  and  lianas  are  found  in  abund¬ 
ance  on  the  bramhes  and  trunks  of  the  trees. 

Thejre  is  no  sls^e  establledied  definition  for  tropi^ 
trees.  Host  authorities  regard  evergreen  trees  as  those  ihich  hold  a  sub- 
ctantial  innber  of  leaves  throughout  the  year,  and 
those  lAich  lose  all  leaves  for  a  part  of  the  year.  Ridiar^ 
deciduous  species  as  those  that  beo«ie  care,  or  alaost  so,  if  only  fOT  a 
few  days.  Deciduous  species,  as  thus  defined,  “•® 
the  rain  forest,  occurring  alnost  entirely  anmg  the  talkrt 
transition  fron  the  rain  forest  to  deciduous  forest  Is  usuaiy  ve^  grad¬ 
ual  and  is  characteriaed  ly  a  decrease  In  the  nraber  of  species  «d^ 
shift  of  doninsace  iroa  evergreen  io  dfeciduC.ua  tic^s.  —  — 

tinct  vet  and  dry  seasons  favors  devdqnnent  of  decrdoons  toes. 

A  variation  of  the  tropical  rain  fcarest  Is  found  to  ^ 
forests  of  the  trqpicsu  Shis  vtgatatlon  teams  under  conditions  of  .ai>edeA 
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drainage  and  seaaonalljr  waterlogged  aolls.  A  type  of  foreat  con^abtle  to 
the  peat  boga  of  temperate  areaa  develops  In  each  habitats,  and  has  been 
tenaed  "tropical  noor  foreat"  (Rlchards^O)^  Herbaceous  swaa^a  develop 
where  the  ground  la  waterlogged  moat  of  the  year.  Vegetation  varies  In 
site  from  tall  herbs  about  6  feet  high  and  wocdy  plants  12  feet  to 
sizzle  floating  mats. 


Areaa  of  savanna  grassland  covering  from  a  few  square  feet  to 
several  hundred  acres  are  acattered  tliroughout  the  iuterlcr  plains.  Tall 
bunch  grass,  as  high  as  12  feet.  Is  Interspersed  with  bare  patches  of 
earth  and  sfuited  trees.  Open  savannas,  with  scattered  trees  *nd  grass» 
land,  .cay  occur  by  tlie  degradation  of  forest  or  savanna  woodland  by  exces^ 
ive  cultivation  jr  burning,  but  In  s«v>  cases  they  are  probably  the  result 
of  soil  conSltlons  unfavorable  to  the  grcerth  of  trees. 


nioim  woodland  is  a  mass  of  foliage  and  flowers  during  the  rainy 
season,  but  Is  bare  during  the  dry  season.  Trees  are  itm«n  in  dlamater, 
spaced  far  apart,  and  often  protected  by  thorns. 


Natural  vegetation  has  been  disturbed  aztd  altered  by  man  in  many 
pairts  of  the  wet-iroplcal  core  areas.  Liberia  in  AArica  and  Java  in  tha 
East  Indies  are  examples  of  areas  where  there  aire  maty  tree  crop  plantai» 
tlons,  row  pla.jted  and  ays  tetrically  maintained.  Here  there  is  very  lit¬ 
tle  undergrowth.  However,  many  abandoned  agricultural  clearings  are  now 
occupied  by  danse,  fijL'iy  developed  second-growth  vegetation. 
cultivation  of  subslstsnce  crops  in  terqporary  cletrings  is  widespread  in 
the  tropical  forests,  resulting  in  extensive  areas  of  dense  second-growth 
forest. 


c.  Kountatns 


Tropical  noxintaln  vegetation  is  us\ially  anuuigel  in  several  dis¬ 
tinct  altitudinal  zones.  Vegetation  on  the  lower  d.opes  is  a  slightly  mod¬ 
ified  version  of  the  rain  forest  of  the  interior  plains.  However,  in  sosae 
parts  of  the  tropics  the  hesvier  rainfall  on  the  mountains  allows  the  growth 
of  evergreen  rain  forest  where  the  lavland  vegetation  is  tropical  deciduous 
forest.  At  higher  altitudespwuntain  vegetation  generally  becomes  less 
dense,  trees  affected  by  wind  exposure  are  not  so  tall,  fewer  species  are 
represented,  and  a  proportionate  increase  of  teisperate  species  is  noted. 

Ihe  averaige  leaf  size  becocss  smaller,  and  buttressing  of  trees  eventmiUy 
dirappears  at  hl^er  altitudes. 


The  altitudinal  limits  of  the  vegetation  zones  are  different 


mOum  tain,  be¬ 


cause  climatic  elements  vary  so  greatly  from  place  to  place.  The  vegeta¬ 
tion  zones  are  lower  on  coastal  mountains  than  on  those  Inland,  and  are  •= 
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lower  on  isolated  ridges  than  on  extensive  ranges.  According  to  van  Steenls 


A 


in  Kalaysla  the  tropical  rain  forest  gives  way  to  euhmontaine  rain  forest  at 
about  l,5p0  feet  elevation,  and  the  subsmatane  is  rejidaced  by  montaife  forest 
at  about  3  #000  feet.  Lane-Eoole^7  distinguished  the  "lower  montane  forest" 
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In  New  Oninii*  as  at  betmea  1,000  aal  5,000  z‘e«t,  Bsard^  racogalxed  thf 
lover  montane  forest  in  Trinidad  at  Tt<a  600  to  2,500  feet.  Lebrun  ^  da> 
scribed  a  transitional  forest  xoae  between  the  tropical  rain  forest  and 
the  nontane  rain  forest  In  the  eastern  Belgian  Congo  at  fron  3*500  to 
5,500  feet. 


The  lower  nontane  rain  ferest  in  the  coastal  mountains  Is  sll^it- 
I7  modified  by  salt  spray  and  winds  which  Inhibit  densl'^  and  growth. 
Coastal  forests  are  generally  thinner  and  less  rich  in  species  than  those 
of  the  interior  nonntalna. 


d.  Coastal  Lowlands 


Coastal  lowland  vegetation  is  corawwly  arrayed  in  a  xonation  of 
dc'.^dnant  species  paralleling  the  coast.  These  lones  can  be  correlated 
with  the  frequency  of  tidal  Immersion,  the  xjatsre  of  the  substratus,  the 
activity  of  accretion  and  erosion,  and  the  salinity  of  the  ground  water. 

The  nangrose  fonuition  (Tig,  13),  perhaps  the  best  losown  of  the* 
tidal  land  vegetation  types.  Is  a  coi^lex  of  evergreen  trees  and  shmbs 
covering  large  areas  fi-lnglng  sheltered  tropical  shoree.  It  Is  charac¬ 
terized  by  dark  green,  ^ilny  foliage  and  an  almost  iBq>aBetraKle  tangle  of 
aerial  roots.  The  vegetation  varies  ftroa  poor  scrub  several  feet  high  to 
trees  70  feet  Characteristic  locations  are  along  coastal  and  flats, 

estuaries  of  rivers,  ^xallow  lagoons,  and  on  rivecr  Isltas.  The  most  iiv* 
tensivr;ly  studied  Bangrove  arena  are  in  Florida  and  the  ilalay  Peninsula. 
Mangrore  vegetation  13  confined  chiefly  to  Isracklsh  water,  thriving  be¬ 
tween  the  Units  of  low  azul  high  elds.  Hichards^^  does  not  Halt  the  man¬ 
grove  to  tidal-influenced  shores,  buz  states  that  mangrove  kmj  grow  fron-e 
below  the  level  of  ebb  tide  to  above  the  level  of  flood  tide,  and  that 
they  are  even  found  on  coasts  where  there  are  no  tides  at  all. 

Nipa  palm  (Fig.  Ill)  borders  the  bnckish  estuarine  areas  of  Hie 
mangrove,  and  is  less  tolerant  of  salt  waterj  It  Is  therefore  on  the  land¬ 
ward  and  iqjstreiB  sides  of  the  nangrqre.  These  palms  grow  in  drase  stands 
from  25  to  30  feet  high,  ^th  leaves  10  to  15  feet  long.  Trees  are  spaced 
farther  apart  towards  the  inland  side,  and  the  forest  gives  way  to  a  thick¬ 
et  of  vines,  ferns,  shrubs,  and  herbs. 

The  pes-c^srae  fcrrsatlon  (nsned  for  its  deednant  species,  Iporaoea 
pes-caprae  or  beadi  nomlng  glory)  is  a  rdaed  cogianity  of  jdants  widespread 
on  tropical  beaches.  i-!any  of  its  species  send  runners  over  the  surface  of 
the  sand.  Near  tl»  sea  its  grewth  is  relativriy  open,  but  Inland  the  den¬ 
sity  of  vines  inerseses  until  it  presents  a  serious  obsteds  to  Howssent  of 
personnel  and  vehldee. 


e.  Kape 

Vegetatico  is  a  useful  Indicator  of  wet-tropical  envirtasnents, 


13.  MangrorsB  *long  Manber* 


Nbw  CluirMk 


Hg.  U.  Hip*  pal*  aion^  xlTwr  In  Thailand 


In  this  study  tba  accMipsnylng  ups  stow  forest  types  ^  ss  repwent^ 
true  wst-troplcsl  conditions;  trsnsltlonsl  saTsnnas  and 
hare  bsjn  excluded.  Eight  regetation  up  sources  ^  of 

James'^-  up  (I'lx.  15)  of  world  regotatlon  distinguishes  three  types  ol 
tropical  forest:  rain  firest  or  selsa,  seaideciduous  ^rest,  and  scr^  for¬ 
est.  Alttough  the  last  two  of  ttose  types  grow  la 

seasonally  wot-troplcal,  they  are  present  in  sose  of  the  tranaitloral  area*, 
but  hare  not  been  Incluled  on  the  sap. 


figure  15 

Ths  ups  by  Richardi20  (Elg.  16)  and  Goodall  and  Darby*  (Jig, 
are  cccposites  based  on  the  work  of  regional  t^cialisU  for 
of  the  torld.  Richards'  ares  o?  African  r*ln  forest  s3^ 
deciduous  (dry  STergrsen)  forest  because  tto  boundaxj  between  these  ty^  le 
lnc<r.plotsly  knovm.  Goodall  and  Darby  show  separato  bs^  f 

continents,  using  different  regetation  categories  ^  rea^L 

not  possible  to  delineate  separate  types  on  a  worM  ae- 

tha  iv\p  (Fig.  17)  cisply  shows  areas  which  Goooall  and  Darby  ropres«t  as  ^ 

^Upled  by  rerlous  types  of  tropical  foresta, 

rain  forest,  Andean  tropical  forest,  sangrore  forest,  or  ronsoon  wood¬ 

land, 

Kuchler's^^  regetation  aap  (Fig,  1*)  !•  '^U  Imown  to  A»t1w  go- 
ographars.  Hie  appivach  is  physlognocde.  He  uses 

types  of  regetation  accortilng  to  character,  hrl^,  end  density  wih- 

S: VrLdlf^  tjp.  l=t,  tr...  ^ 

•rergreen  trees  are  considered  here  to  be  wet-tre^^, 

as  subtropical.  The  "Mediterranean"  type  of  rejetatioo,  w^ch  K&hler  rtow 
also  as  broadleaf  erergreea,  has  been  eUninated  fnm  coosideralioo  in  this 
study  because  it  is  not  wet-tropical. 
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near*  14 


rigurt  17 
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Figure  18 

Four  Ycgotatlon  maps,  those  of  Hamaond^O  (^ig.  19),  Bartholomew! 
(Fig,  20),  Brockman-Jerosch®  (Fig.  21),  and  Finch  and  Trowartha^  (Fig,  22), 
delimit  tropical  rain  fo roots .  Bartholomew* a  rain  forest  area*  are  more 
oxcenslve  in  South  America  and  Wrica  but  less  extensive  in  the  Asian  and 
Australian  areas  than  thoeeof  Hammond,  Brockman-Jerosch  sold  Finch  and 
Trewartha  depict  what  are  roughly  the  same  areas.  Finch  and  Trewartha  have 
not  indicated  the  presence  of  any  rain  forest  on  the  continent  of  Australia 
or  in  Indocliina,  whereas  Hacroond  shows  rather  extensive  rain  foro'>»  in  these 
areas. 

U.  Soils 

a.  Ge  neral.  Characteristics 

Humid  tropical  soils  vary  in  structure  and  properties,  both  phys¬ 
ical  and  chemical,  as  much  as  the  soils  of  any  other  climatic  sons.  How¬ 
ever,  the  majority  of  the  wet-tropical  soils  share  certain  important  char¬ 
acteristics  in  that  they  are  usually  red  or  yellow;  they  are  generally 
loamy  or  clayey,  but  often  oandy  in  the  superficial  layers;  they  are  almost 
Invariably  acid;  they  are  low  in  humus  content  which  is  chiefly  confined  to 
the  upper  horizons;  and  the  clay  fraction  la  rich  in  alumina  and  poor  in 
silica. 


Tropical  soils  vary  considerably  from  one  area  to  another.  The 
older  soils,  on  surfaces  not  subject  to  present-oay  alluviation,  are  red¬ 
dish,  with  strong  concentrations  of  iron  and  aluminum,  a  type  coimonly 
known  as  laterito.  The  surface  of  this  soil  is  coarse  and  well-drained 
and  dries  out  rapidly  after  a  rain.  All  the  soils  are  highly  leached  with 
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ih9  Bobil*  particles  deposited  belou  live  surface  1»  a  layw  -rfildj  trrtir^ 
ally  tasj  bocone  a  han^pjua.  Bogsy  allttrlal  soils  bays  developed  on 
flood  and  deltas  of  water  cotarees  fron  mads  which  were  deposited 

dnriag  flood  stages,  soils  are  divided  into  two  separate  ^oqpss 

those  with  little  hiaaas  accunalatloii  and  those  with  a  surface  layer  of 
peat  or  humas.  The  forwer  are  far  sxvrs  extensive,  althoo^i  the  latt/vr 
have  teen  more  thoroaghiy  studied  ly  coil  sciantists. 

Weathering  in  the  wet  tropics  la  largely  a  dienlcal  process^ 
erosion  is  rapid  and  its  effect  oa  the  soil  is  often  considerable,  llw 
intensity  of  sheet  erosion  ia  seen  by  the  aufidlness  of  tropical  livera. 

The  brown  coloring  is  daa  to  finely  dispersed  colloidal  huxaus  caipounda, 

c,  Mountains 

Tropical  mountain  soils  vary  fron  area  to  area,  depending  pri- 
marily  upoa  elevation,  dope,  and  exposure,  Bvere  is  aa  increase  in  the 
huicus  cojiteat  of  the  soil  with  ixrreaslng  elevation,  and  the  red  earths 
give  wj>y  to  yallow  eazdhs.  Soils  are  Ijmatura  as  a  result  of  intense 
erosion  cm  the  slopes.  Rocky,  waUMlraized  soils  have  danreloped  oa  steep 
slopes.  Rocky  soils  are  deep  at  loirar  ely/stloes,  ehalkwr  at  hl^er  el- 
evatioas.  Boggy  alltrrisl  deposits  predominate  in  ravines  and  -alley  bot¬ 
toms.  Ccndltioms  conducive  to  landsUdea  and  soil  crt9p  are  found  in 
many  areas  liiere  ■fee  dj^ves  are  wet  and  steep, 

d,  Coastrl  Lowi  nmds 

Kacy  types  of  soils  have  deveilopod  along  the  tropical  coastal 
lowlands.  Alluvial  muds  and  sands  have  been  left  ty  the  sea  on  the  tid¬ 
al  flats,  aad  doposited  ca  deltas  and  floodplains  ly  rivers.  Sandy  and 
loasy  soils  have  bsen  fomsd  fren  older  water  deposits  and  wlnd-blowB 
material  on  the  non-tidal  areas,  Ikwt  coastal  soils  are  young,  and  have 
not  developed  a  dlstiuet  profile, 

e,  Maps 

Distribution  of  soils  shows  the  least  agreenant  with  other  phys¬ 
ical  elemeats  used  es  indices  of  vet- tropical  conditions.  Howevisr,  two 
soil  raps  for  the  wot  tropics  are  worth  noting.  The  19U3  nap  of  K.D.Gllnka, 
Hermann  Stroma,  Curtis  llarbut,  and  others  (fig*  23)  rssrits  attentlcnas 
a  soils  ref«re3ice«  In  tho  divpsirica'tlcn  of  GllrJca  st  al^  four  sola.  -vP®® 
imdlcate  wot-trqpical  condltlcns?  laterites,  reddish  savanu  soils, 
leal  red  earths,  and  mangreve  ewanp  soils.  A,  C,  Crvedal  (In  Goode^;  pa:*— 
sents  a  refinad  soils  r*a?  (Fig.  2U)  Ir.  which  the  laterites  are  sub^vi^ 
into  two  groups:  *ho?e  tiat  have  developed  urvder  aa  alternating  wet  and 
dry  tropical  re.;;ine,  and  those  t}-,at  have  developed  under  a  continuously 
wet  tropical  regime.  The  latter  subdivlsicB  is  more  representative  of  ^e 
tnae  wet  tropics. 
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Figura  23 


r*  Emrlrgaianta 

*•  trtiaeral  Charaet«rl3tle« 

Si«  cor«  area,  as  found  fron  cooparlson  of  sonrees  aHrea^f  tmo- 
tloned,  has  definito  characteristics  vhldi  describe  the  w'U'tropieal  enrlr* 
ronaeoi.  Viet-troplcal  snvlronraents  are  doalnated  by  tropical  rain  forests 
and  are  generally  foufid  In  com  of  the  Dost  Inaccessible  areas  of  the  world* 
Settlement  has  been  great^ist  at  coastal  locations  within  the  transitional 
xono  of  the  w*t  tropics,  wheze  seasonality  farors  *5rlc-^tur-e  and  porozlsd.'ty 
to  the  sea  gires  an  outlet  for  the  marketing  of  both  the  vegetable  and  miiw 
eral  wealth  of  the  hinterland.  Settlenent  in  the  core  areas  is  man  by  fflw 
parlson,  and  Is  confined  chiefly  to  coastal  strips  and  certain 
Hoads,  fields,  and  other  facilities  soon  are  overgrown  by  the  vegetatioa  If 
they  are  not  continuously  \cept  In  an  Improrred  state. 

There  Is  a  general  year-rtnazd  stability  to  the  teaaperature  of 
wet-tropleal  areas,  whether  in  the  South  American  Aoaxon  basin,  the  Afkdoan 
Congo,  or  In  Hal-ya.  Nevertheless,  eeidaln  enviroisaental  differences  are 
observable  from  place  to  place.  Becatse  these  differences  are  largely  asso¬ 
ciated  with  chants  in  landfom,  three  snbdivlalocs  of  wet-tropical  areas 
are  recognised:  Interior  plains,  mountains  or  highlands,  and  coastal  low¬ 
lands.  Interior  pl^dns  are  the  most  extensive  type,  bjountains  or  blghlaiv^a 
may  fringe  or  separate  the  interior  basins,  and  coastal  lowlands  may  be  eon> 
tinuations  of  each  of  the  above  types. 

h.  Interior  Plains 

The  Artazon  and  Congo  Basins  are  the  two  largest  and  best  knew 
examples  of  wet-tropical  interior  plains.  The  same  factors  of  abundant ' 
pz*eclpltatlc!:,  high  hunddlty,  boggy  sells,  and  dense  forest  are  found  to 
a  lesser  extent  in  the  interior  readies  of  many  scalier  rivers  sudi  as  the 
Ilamberar^  River  of  northwestern  New  Guinea  and  the  Aahajan  River  of  south¬ 
eastern  Borneo. 

Hsst  of  the  nilltary  problems  associated  with  a  frontier  tezr^ 
tory  in  the  vet  tropics  apply  to  the  Interior  plains.  Problems  In  the 
transitional  areas  may  be  seasonal,  but  they  are  continually  present  In  core 
areas.  The  paztially  waterlogged  soils  create  problems  of  movement,  espeelU 
ally  along  the  flood  plains  of  wa'^:  courses  (Fig.  26),  idiere  troop  mobili¬ 
ty  may  be  IzMblted.  Dense  growth  obstructs  travel  In  forests,  along  stream 
banks,  and  around  clearings,  and  drastically  reduc?es  the  cperaticnal  effeo- 
tiveness  of  tanks  and  trucks.  All  roads  and  trails  constructed  wlthijB  the 
forest  are  soon  overgrown  by  fast-growing  secondary  vegetation.  T^ivops  op¬ 
erating  In  the  Interior  plains  are  vulnerable  to  ambush,  for  the  dense, 
fast-growing  vegetation  makes  detection  difficult.  Ey  the  sane  token,  ca»> 
ouflage  and  oonceali^nt  are  very  effective  under  the  dense  tree  caotw^- 
Spoilage  of  food  and  deterioration  of  equipment  are  serious  problems  in  the 
wet  tropics,  tac  the  climate  is  conducive  to  rust,  mold,  and  mildew.  A 


season  of  less  rainfall,  or  perhaps  a  short  dry  season,  may  tend  to  reduc* 
these  effects  In  the  transitional  area.  Insect-borne  and  bacterial  diseas¬ 
es  are  still  a  problem  of  ailitaiy  importance.  Malaria,  one  of  the  Bosi 
prevalent  diseases,  is  particularly  severs  in  swampy  areas.  The  dlstrlbt^ 
tlon  of  heavily  infested  areas  of  malaria  Is  shown  by  Brlerly5  (Pig.  25). 
Heat  exhaustion  is  always  a  menace  to  the  health  of  a  soldier  in  wet-troi>> 
leal  climates,  for  body  temperatures  are  easily  ralssd  to  the  danger  point 
when  evaporation  is  retarded. 


Figure  25 

e.  Mountains 

Tropical  rain  forest  ^ves  way  to  lower  montane  rain  forest  on 
forested  tropical  mountains  (Fig.  27).  This  community  is  laoisture-soaked 
evergreen,  lower  and  simpler  in  structure  but  poorer  florlstlcally  than 
the  lowland  forest.  The  lower  montane  rain  forest  is  succeeded  at  higher 
altitudes  by  t  ..tane  rain  forest,  often  called  mossy  forest,  consisting  of 
dwarfed,  croo..ed  trees  and  an  overwhelming  abundance  of  epiphytes. 

Tropical  mountains  have  served  as  bastions  of  military  defense 
throughout  history.  In  World  War  II,  for  example,  the  Owen  Stanley  Rang* 
of  New  Guinea  was  the  setting  for  stubborn  opposition  on  the  part  of  tha 
Japanese.  Hugged  terrain  and  dense  vegetation  necessitate  the  use  of  spec¬ 
ialized  equipsient  and  tactics.  Vehicular  traffic  is  greatly  curtailed,  and 
In  places  impossible.  Foot  travel  is  made  difficult  by  steep  slopes,  rock 
outcrops,  dense  understory  vegstatlcn,  and  a  slippery  matting  of  rotting 
vegetation ,on  the  gromd.  Ambush  can  bs  easily  effected  because  visibility 
is  limited  to  a  few  yards.  Spoilage  of  food,  deterioration  of  equipsent, 
disease,  and  heat  exhaustion  are  also  problems  in  mountain  terrain.  How¬ 
ever,  these  are  less  serious  than  In  the  interior  plains,  because  slightly 
lower  temperature  and  greater  %rind  circulation  contribute  to  a  nore  health¬ 
ful  mountain  climate. 
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ng,  26.  D*nM  rlT.r.Unk  Teg«Utloo  within  tropleal  nln  fowrt.  CuibodU. 


Lowwr  BonUn*  r»ln  foreat,  Pangaaw  Pats  Hill  (6,265  •laratlon) 
SUImU  Read,  India. 


4,  Co«gi<l  Loidiaidi 

Th«  third  tTp*  of  tropical  onrlroimebl  is  represented  bjr  the  no- 
s«roQs  coastal  plains  of  the  Vet  tropics,  stich  as  those  of  the  East  ladiee 
and  the  Guianas^.  and,  la  a  less  eztrenM  fora,  of  the  Panana  Canal  Zone. 
Ihese  lovlands  Indede  tidal  as  well  as  non-tldal  areas. 

Coastal  features  are  soastlMS  ragged  and  irregular  idMre  ieaun» 
tains  border  the  sea,  as  in  Ecuador,  with  headlands,  cliffs,  and  estuaxdaa 
lowlands  dodnating  the  shorallne.  Ibe  lowlands  are  ganeralljr  the  collect¬ 
ing  and  dletribating  eentera  for  coaiaarclal  enterprises  of  coastal  sxnae- 

HanT'  eperatlcnal  and  stg^pljr  centers  are  associated  with  coastal 
lowlands,  partletilarlT’  areas  of  tidal  nnd  flat.n.  Ihe  bringing  naugrore  and 
salt  svta^  forests,  iritb  thatr  tanglss  of  prc**  roots  and  buttressed  trunJcs, 
become  isondated  bj  sereral  feet  of  water  at  hlg^  tide,  and  transit  is  liia- 
Ited  to  small  hand-propolled  boats.  Wide  expanses  of  untrafflcable  mud 
flats  prohibit  most  Triiicular  traffic  at  low  tide.  In  ncntldsl  coastal  low¬ 
lands,  thc.close-growlyig  trees  In  the  nodifled  rain  forests,  and  boggy  soils 
In  the  freab-water  SKatgss,  prevent  ths  most  effective  use  of  tanks  and  other 
heavy  equlpntent.  Castouflag'?  is  effsctlTe  In  the  mangrove  forests  and  in  the 
nodifled  tropical  rain  forests.  It  is  almost  impossible  to  store  food  and 
equipment  in  tidsl  anas,  except  upon  raised  platforms  or  on  floating  rafts. 
Special  protection  for  stond  items  is  necessary  in  the  nontldal  lands  to  _ 
prevent  corrosion  of  metals  by  wind-carried  salt  nuclei  and  the  hl^  aiois- 
trare  content  of  the  air,  and  to  prevont  spoiling  of  foodstuffs,  textiles, 
and  leatber,  by  bacteria,  insects,  and  mildew.  Insect-borus  diseases  con¬ 
stitute  a  serlota  haeard  in  the  coastal  lowlands,  especially  In  the  fresh 
water  and  tidal  swarps  when  malaria  is  prevalent.  Eeat  exhaustion,  hower- 
er,  is  less  wide-spread  than  in  interior  plains,  since  sea  breeses  lover 
the  tasperatures. 
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The  wet  tropics  covsr  about  15  percent,  or  one -seventh,  of  the  world’s 
land  surfacs,  and  an  aittuted  between  25®M  and  25°S  latitudes.  Within 
these  limits,  certain  core  areas  an  recognlacd  when  there  are  high  temp- 
eratxcres,  abundant  precipitation,  lateritic  soils,  end  dense,  fast-growing 
vegetation  throu^ticat  tbs  year.  The  con  anas  constitute  less  than  one- 
third  of  the  total  ana  of  the  wet  tropica,  and  an  surrounded  by  mch 
broader  eiqxanses  of  modified  of  tfajisitlonsl  wet— tropical  conditions. 


The  •nnlfonaity  of  con  area  environnent  is  Intenrpted  by  topographic 
diversity.  Interior  plains  an  by  far  the  most  extensive  physiographic 
type,  and  repnsent  the  fullest  developeoit  of  wet-tropical  areas.  The 
Congo  and  .Amazon  Basins  an  the  best  known  examples  of  this  type. 


^^ypdcal  sountains  have  an  altitudinal  zonation  of  vegetation  which 


has  doTsloped  as  a  restilt  ot  decraaslrig  tsKperaturSj  abtmdant  rainfall,  !&• 
creasing  vind  speed,  and  anount  of  clcudlness.  Coastal  lovlands  of  the  eora 
area  represent  a  third  najor  type,  A  tonal  arrangatsont  of  vegetatloa  types 
has  dev^oped  as  a  result  of  tidal  flooding,  aocretlon  and  erosion,  salinity 
of  the  ground  water,  and  the  nature  of  the  substratui. 

In  the  periphery  of  the  wet  tropics  the  ralryall  rogljM  Invades  a  dry 
season,  the  length  and  sererity  of  diiefly  detendnes  the  character  of 

the  enidronraent.  The  dry  season  Increases  in  duration  largely  with  distance 
from  the  core  areas  itntll,  at  the  outennost  nargln  of  tlie  transitional  terns, 
there  are  li  to  6  months  of  drou^it. 
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